W
orldwide, more than 1,200 different species of bats (Chiroptera) have been described; thus, bats represent the second most diverse mammalian order (1) . Bats have been identified as reservoirs for a plethora of viruses (2) . Some, such as severe acute respiratory syndrome coronavirus (SARS-CoV) and Hendra virus, are associated with recent human and animal epidemics. Thus, bats present a potential threat to public health (2) (3) (4) . Bats of the genus Eptesicus can transmit lyssaviruses (5) . Surprisingly, reports about epidemics inside bat populations are very limited, indicating that viral pathogens do not seem to induce major disease outbreaks and that certain pathogens, such as rabies virus (RABV), are better controlled within bats (2, 6, 7) . Therefore, it is uncertain whether a coevolution of lyssaviruses and the bat immune system resulted in a partial resistance against infections due to the specific adaptation of the innate immune system of bats (8) (9) (10) (11) .
Interferons (IFNs) are the first-line defenders against lyssavirus infections (12) (13) (14) (15) . IFNs are produced by host cells in response to pathogens such as viruses, bacteria, fungi, and parasites and trigger protective immune mechanisms. Vertebrate IFNs are classified into three classes: type I IFNs, type II IFNs, and type III IFNs. Type I IFNs are the largest group in the IFN family. Due to their versatility, they have expanded and diverged into many distinct subfamilies: IFN-␣, IFN-␤, IFN-, IFN-, IFN-ε, IFN-␦, IFN-, and IFN-, as well as a potentially new IFN, "IFNX" (16) . With a conserved intronless structure and colocalized loci in the chromosome, type I IFNs are considered to have arisen and expanded from gene duplications (17, 18) . Studies of their antiviral defenses and regulation mechanisms are rapidly mounting. Most of these studies focus on the IFN-␣ and IFN-␤ subtypes, and little is known about other subtypes, even in humans and in mouse models. IFNs seem to play a crucial role in host-virus interactions in bats (19) (20) (21) . However, such studies have been limited to type I IFN-␣ and IFN-␤ from the Egyptian fruit bat (Rousettusae gyptiacus) and type II IFN-␥, type III IFN-1, and type III IFN-2 from the Australian black flying fox, Pteropus alecto (22) (23) (24) . In addition to sequence characterization, IFN induction, the signaling pathway, and antiviral activity have all been investigated in cell lines derived from Eidolon helvum and P. alecto after viral infections (20) (21) (22) (23) . Similar to mammalian IFNs, P. alecto IFN-␥ and IFN-2 showed antiviral activities against Semliki Forest virus and Hendra virus and against Pulau virus, respectively (22, 23) . Surprisingly, although bats are known as the principal vectors for RABV and other lyssaviruses, information on IFNs during lyssavirus infections is scarce (2 (25) (26) (27) (28) . Since E. serotinus, a the natural host for EBLV-1, is responsible for the vast majority of bat rabies cases reported in Europe (29), we focused on a functional characterization of IFN from this species. Since we could clone first IFN-and IFN-genes from E. serotinus, we focused in the present study on the molecular and functional characterization of these two type I IFNs. After sequence analysis, recombinant IFN-and IFN-proteins were used in functional assays to investigate the initiation of the IFN signaling pathway and antilyssaviral activity against EBLV-1, EBLV-2, and RABV infections in E. serotinus-derived cell lines. Our analysis sheds light on the function of IFNs within cells of the natural host of RABV and other lyssaviruses and the virus-host interaction in these specific mammalian hosts.
MATERIALS AND METHODS
Animal sampling. E. serotinus bats submitted for rabies diagnosis in the frame of enhanced passive surveillance (J. Schatz, unpublished data) were screened for their suitability to obtain immune system-related organ tissues. The spleens from two dead E. serotinus bats from the city of Berlin, Germany, that did not show any evidence of accelerated autolysis were removed and stored in RNAlater until further analysis.
Nucleic acid extraction from tissue. Total RNA extraction of the E. serotinus spleen was performed using an RNeasy minikit (Qiagen, Germany) according to the manufacturer's protocol. Genomic DNA was also isolated from spleen tissue by using a DNeasy Blood & Tissue kit (Qiagen). The concentration and purity of RNA and genomic DNA were determined by using NanoDrop (Thermo, USA) and then stored at Ϫ80°C for further use.
PCR amplification of IFN-and IFN-genes from E. serotinus (esIFN-and esIFN-). Since no appropriate genomic sequences for E. serotinus available were available, the following approach was used. IFNfrom P. vampyrus (GenBank accession no. HM636500) and IFN-from Equus caballus (GenBank accession no. NM_001114536) were used as query sequences to search for the IFN-and IFN-genes, respectively, from a small brown bat, M. lucifugus, in the whole-genome sequence in the Ensembl database using the BLAST algorithm (http://www.ensembl .org/index.html). The exons from the matching scaffolds were then subjected to the National Center for Biotechnology Information (NCBI) BLAST programs blastN and blastX to confirm the identities of IFN-and IFN-.
Reverse transcription-PCR (RT-PCR) was performed to amplify the IFN-and IFN-cDNA fragments from E. serotinus RNA using primer pairs based on the sequences of IFN-and IFN-genes from M. lucifugus (Table 1 ). The reactions were prepared according to the manufacturer's instructions with a One-Step RT-PCR kit (Qiagen). PCR was performed using genomic DNA as the template with GoTaq Flexi DNA polymerase (Promega, USA) to obtain the DNA fragments. All of the PCR products were cloned into PCR2.1 vector (Invitrogen, USA) and transformed into Escherichia coli competent cells. Plasmids were extracted from positive clones and sequenced by using an Applied Biosystems 3130 genetic analyzer (Life Technologies, USA) at the Friedrich-Loeffler-Institut, Greifswald-Insel Riems, Germany.
In order to obtain the complete gene sequences of esIFN-and esIFN-, a genome walking method was applied according to the Genome Walker universal kit manual (Clontech, USA). esIFN-and esIFN-specific genome walking primers were designed based on the gene fragments obtained above (Table 1) . For 5=-end walking PCR, gwesIFN-R1 and AP1 or gwesIFN-R1 and AP1 were used in the first-round PCR, and gwesIFN-R2 and AP2 or gwesIFN-R2 and AP2 were used in the second-round PCR (Table 1) . For 3=-end walking PCR, gwesIFN-F1 and AP1 or gwesIFN-F1 and AP1 were used in the first-round PCR, and gwesIFN-F2 and AP2 or gwesIFN-F2 and AP2 were used in the second-round PCR (Table 1) . For longer promoter sequences, other sets of gene-specific primers, gwesIFN-R3/gwesIFN-R4 and gwesIFN-R3/gwesIFN-R4, were used in an additional round of PCR ( Table 1 ). All of the specific PCR products were cloned and sequenced in both directions.
Sequence and phylogenetic analysis. The open reading frames (ORFs) of esIFN-and esIFN-were predicted by the NCBI ORF finder program (http://www.ncbi.nlm.nih.gov/projects/gorf/). The deduced amino acid sequences were BLAST searched against protein databases (http://www.ncbi.nlm.nih.gov/BLAST/) for a homologue search. Signal peptide and protein domains were identified by SMART (http://smart .embl-heidelberg.de/). The transcription start site was predicted with the promoter predictor program (http://www.fruitfly.org/seq_tools /promoter.html). Potential transcription factor binding sites were identified by using the MatInspector program (http://www.genomatix.de). Nglycosylation sites were predicted by PROSITE (http://www.expasy.ch /prosite/). Sequence alignments were performed by the ClustalX program. Phylogenetic trees were constructed by MEGA5.05 using the neighborjoining method with bootstrap value of n ϭ 1,000. Protein sequences from other species used in the phylogenetic analysis are shown in the legend to Fig. 2 .
Construction of recombinant constructs and expression of recombinant esIFN-and esIFN-. An infusion cloning strategy was used to build the recombinant constructs for both prokaryotic and eukaryotic systems. For prokaryotic expression, gene-specific PCR products amplified with the primer pair PmalesIFN-F/PmalesIFN-R or PmalesIFN- 
a F, forward primer; R, reverse primer.
F/PmalesIFN-R (Table 1) were inserted into pMAL-c2X plasmids which contain the maltose-binding protein (MBP) tag by using an In-Fusion HD Cloning Plus kit (Clontech). Likewise, for specific eukaryotic constructs, the primer pair pcDNAesIFN-F/pcDNAesIFN-R or pcDNAesIFN-F/ pcDNAesIFN-R (Table 1) was used, in which a Kozak sequence was incorporated in the forward primers to favor the initiation of translation (30) . PCR products were inserted into pcDNA plasmids by using an InFusion HD Cloning Plus kit (Clontech). All of the constructs were con-
FIG 1
The genomic sequence and deduced amino acid sequences of esIFN-(A) and esIFN-(B) genes. The start and stop codons are shown in bold. The signal peptide is in gray. The IFabd domain is shaded gray and underlined. The predicted transcription start site is shaded gray and bold. The TATA box element is underlined. and core sequence is in boldface. Some of the predicted transcription factor binding sites are in bold and boxed.
firmed to contain the correct inserts by sequencing. To obtain MBPtagged recombinant esIFN-and esIFN-, the pMAL protein fusion and purification system (NEB, United Kingdom) was used. Protein induction and purification analysis were performed as described previously (31) . In addition, endotoxins were removed from the purified proteins by using an ToxinEraser endotoxin removal kit (GenScript, USA). The concentration of purified proteins was determined by using NanoDrop. Cell culture and activity evaluation of esIFN-and esIFN-. A naturally immortalized cell line from E. serotinus brain tissue (FLG-R) obtained from the cell culture collection of the Friedrich-Loeffler-Institut (cell bank number FLI-1093) was used to investigate esIFN-and esIFNactivity. Cells were cultured in Dulbecco modified Eagle medium supplemented with 10% fetal calf serum at 37°C and 5% CO 2 . The cells were seeded at a density of 4 ϫ 10 5 cells/well into 12-well tissue culture plates 10 to 12 h before IFN stimulation. After a washing step with 1ϫ phosphatebuffered saline (PBS), the cells were treated with purified MBP-tagged esIFN-or esIFN-at concentrations of 1 and 10 g/ml. Cells treated with MBP tag purified from empty pMAL-c2X served as a negative control. Untreated cells were used as blanks. All cells were harvested in RLT buffer (Qiagen) 3 h after stimulation and stored at Ϫ80°C for further RNA extraction.
Recombinant IFN from E. coli system without glycosylation may lose its activity; thus, the E. serotinus brain cell line was used for the expression of esIFN-and esIFN-. Cells were seeded as described above and then transfected with 1.2 g of pcDNAesIFN or pcDNAesIFN plasmid using 2 l of Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Transfection with empty plasmid pcDNA3 was used as a negative control, with 10 g of polyinosinic-polycytidylic acid [poly(I·C); Invivogen]/ml as a positive control and without transfection as a blank control. After transfection and incubation in a humidified atmosphere at 37°C and 5% CO 2 for 24 h, the supernatants were harvested and stored at Ϫ20°C for an IFN activity test. Cells were collected into RLT buffer and used for RNA extraction. To measure the capability of esIFN-and esIFN-to activate IFN signaling, the expression level of IFN-stimulated gene 56 (ISG56), myxovirus resistance 1 (Mx1), and IFN-induced protein with tetratricopeptide repeat 3 (IFIT3) as downstream indicators of the pathway were determined by quantitative RT-PCR (qRT-PCR) as described below.
Antiviral assay. To study the inhibitory effect of IFN-and IFN-on viral replication, in vitro E. serotinus brain cells were seeded into 24-well plates at a density of 2 ϫ 10 5 cells/well. At 3 h after seeding, cells were washed with PBS and subsequently stimulated with MBP-tagged esIFNor esIFN-at concentrations of 1 and 10 g/ml for 24 h. Similarly, to test the activity of recombinant esIFN-and esIFN-overexpressed from the bat cell line, serial dilutions (1:2, 1:8, and 1:32) of the supernatants from transfected cells described above were added instead of MBP-tagged proteins into a final volume of a 500-l stimulation system. After 24 h, the cells were washed with PBS twice and infected with EBLV-1 (E. serotinus isolate), EBLV-2 (M. daubentoni isolate), or RABV (European fox isolate) at a multiplicity of infection (MOI) of 0.1 for another 24 h. Subsequently, the cells were washed with PBS and collected into RLT, and RNA was prepared by using an RNeasy minikit (Qiagen). The relative viral load was analyzed by qRT-PCR as described below.
qRT-PCR. The qRT-PCR method was introduced to measure the mRNA expression levels of IFN-, IFN-, and IFN-induced genes in response to stimulation. The primers used for target genes and internal control GAPDH (glyceraldehyde-3-phosphate dehydrogenase) are listed in Table 1 . Likewise, to determine the relative viral loads indicative of virus replication after IFN stimulation in E. serotinus brain cells, qRT-PCR was performed using EBLV-1-, EBLV-2-, and RABV-specific primers to target lyssavirus nucleoprotein genes (Table 1) . qRT-PCR was performed using the CFX96 TouchDetection system (Bio-Rad, USA) with a SensiFAST SYBR one-step kit (Bioline, United Kingdom) according to the manufacturer's instructions. To assess the specificity of the PCR amplification, a melting-curve analysis was performed at the end of the reaction. The relative expression levels of targets were calculated by the 2 Ϫ⌬⌬CT method (32).
Statistical analysis.
All data are presented as means Ϯ the standard deviations. Statistically significant differences were analyzed by one-way analysis of variance using the SPSS software package.
Nucleotide sequence accession numbers. Complete ORFs and partial promoter regions were submitted to GenBank under accession numbers KF758763 (esIFN-) and KF758764 (esIFN-). esIFN-and esIFN-. IFN-( (Fig. 1) . Both IFNs contain a signal peptide and interferon alpha, beta, and delta domains (IFabd) (Fig. 1) . Sequence analysis revealed that both esIFN-and esIFN-genes are intronless. The potential transcription start sites of both genes were indicated by a promoter predictor revealing 2,038 bp for esIFNand 1,071 bp for esIFN-promoter sequences (Fig. 1) . Transcription factor binding sites such as IRFs, ISREs, and NF-B were found in both promoter regions by MatInspector (Fig. 1) . N-glycosylation sites were identified in esIFN-(50-NMSK-53) and esIFN-(95-NSSV-98) by the PROSITE tool (Fig. 1) .
RESULTS

Sequence characteristics of
Phylogenetic analysis. Phylogenetic trees of IFN-and IFNwere constructed based on alignments of protein sequences from E. serotinus with sequences from 12 mammal species, including one human and five Chiroptera, by the neighbor-joining method. The results showed that the IFNs of bats are distantly related to those of other mammals and humans, with Megachiroptera and Microchirotpera obviously forming two separate genetic groups (Fig. 2) . By sharing 87 to 95% protein sequence similarities, IFN-s from E. serotinus, M. lucifugus, and M. brandtii formed a sister branch. In contrast, IFN-from the megabat P. vampyrus clustered first into a nonbat mammalian group. The selected IFN-protein sequences of different bat species share 59 to 90% sequence similarities and were grouped together.
Recombinant esIFN-and esIFN-initiate IFN signaling in the E. serotinus brain cell line. To evaluate the biological activities of both IFNs, the expression levels of ISG56 mRNA were assessed by qRT-PCR after activation by E. coli-derived recombinant esIFN-and esIFN-. In esIFN--treated cells, ISG56 expression appeared to be dose dependent, with increases of 2-fold in the 1-g/ml group and Ͼ17-fold in the 10-g/ml group (P Ͻ 0.05) (Fig. 3A) . In contrast to esIFN-stimulation, ISG56 expression was not induced by esIFN- (Fig. 3A) .
To ensure that the expression in E. coli does not influence biological activity, esIFN-and esIFN-were also expressed in the E. serotinus cell line. The qRT-PCR results showed that both recombinant esIFN-and recombinant esIFN-can induce the expression of ISG56 (Fig. 3B) . In particular, in pcDNAesIFN-transfected cells ISG56 expression was 100-fold higher than in the positive control transfected with poly(I·C) (P Ͻ 0.01) (Fig. 3B) . The upregulation of ISG56 in pcDNAesIFN-transfected cells induced a 9-fold enhancement compared to empty plasmid (P Ͻ 0.05) (Fig. 3B) . In addition to ISG56, Mx1 and IFIT3 were also elevated 5-and 14-fold, respectively, in response to poly(I·C) stimulation (P Ͻ 0.05) and 30-and 41-fold, respectively, in response to pcDNAesIFN transfection (P Ͻ 0.01) (Fig. 3B) .
esIFN-and esIFN-inhibit the replication of lyssaviruses in a bat cell line. The inhibition of lyssavirus replication was determined by qRT-PCR to measure the relative virus RNA levels after infection in esIFN--and esIFN--pretreated cell lines. Generally, both esIFN-and esIFN-can inhibit lyssavirus EBLV-1, EBLV-2, and RABV replication in the E. serotinus brain cell line to different extents. Although esIFN-did not influence the viral replication of EBLV-1, esIFN-showed a dose-dependent suppression (58 to 91% reduction) (P Ͻ 0.05) (Fig. 4A) . The control tag MBP did not inhibit EBLV-1 replication (Fig. 4A) .
In further step, both esIFN--and esIFN--containing supernatants were used for the antiviral assays against EBLV-2 and RABV, in addition to EBLV-1. In the EBLV-1-infected group, supernatants from poly(I·C)-and pcDNAesIFN-transfected cells showed moderately inhibitory effects (54 to 69% reduction) on EBLV-1 replication (P Ͻ 0.05), whereas the empty plasmid pcDNA3 supernatant showed no effect (Fig. 4B) . The esIFNsupernatant led to a dose-dependent reduction of virus RNA from 92 to 98% (P Ͻ 0.01) (Fig. 4B) .
In the EBLV-2-infected group, poly(I·C)-transfected supernatants showed a slight inhibitory potency to EBLV-2 infection (Fig.  4C) . Although esIFN-reduced 11 to 46% of the virus RNA at different concentrations, esIFN-decreased 67 to 86% (P Ͻ 0.01) (Fig. 4C) . In the RABV-infected group, the negative control and poly(I·C)-transfected supernatants had no effect on RABV infection (Fig. 4D) . Suppression effects were observed in the esIFN--treated groups at high concentrations (78% reduction) and in the esIFN--treated groups at all concentrations used (87 to 91%) (P Ͻ 0.01; Fig. 4D ). Overall, both recombinant esIFN-and es-IFN-showed antiviral properties in the E. serotinus brain cell line, but esIFN-had a stronger effect than esIFN-. The inhibitory effect of esIFN-against different lyssaviruses varies, with the order EBLV-1 Ͼ RABV Ͼ EBLV-2. MBP-tagged proteins (1 and 10 g/ml) or MBP alone (1 and 10 g/ml) for 3 h as described in the text. Only the higher concentration (10 g/ml) of recombinant esIFN-induced a significant increase in ISG56 mRNA (*, P Ͻ 0.05), as measured by qRT-PCR. (B) Cells were transfected with esIFN-and esIFN-expression plasmids (1.2 g/well in a 12-well plate) or poly(I·C) at 10 g/ml as a positive control. Note that eukaryotic expressed esIFN-and esIFN-induced a much stronger ISG56 mRNA level, as measured by qRT-PCR. The expressions of Mx1 and IFIT3 were also upregulated by esIFN-.
Expression patterns of IFNs and IFN-induced genes during lyssavirus infection.
To investigate the interaction between host IFN signaling and lyssavirus, the mRNA expression of esIFN-, esIFN-, and the IFN-induced genes ISG56, Mx1, and IFIT3 was measured by qRT-PCR after lyssavirus infection. Overall, a silent expression pattern was observed (Fig. 4A and B) . IFNexpression did not change during infection, whereas IFN-was actually downregulated 50% by all three viruses (P Ͻ 0.01) (Fig. 5A) . Similarly, the three tested IFN-induced genes remained silent or at a nearly silent level with the exception of ISG56, which slightly increased in response to EBLV-2 infection (P Ͻ 0.05) (Fig. 5B) .
To further evaluate whether the esIFN--and esIFN--mediated antiviral responses were still induced efficiently after viral infection, the expression levels of IFN-induced genes were quantified. ISG56, Mx1, and IFIT3 expression displayed a variously upregulated level in IFN--pretreated, subsequently infected cells (P Ͻ 0.05) (Fig. 6) . In contrast, no induced expression was seen in the IFN--pretreated, subsequently infected cells (Fig. 6) .
DISCUSSION
The identification of bats as a potential reservoir for zoonotic diseases, such as those caused by RABV, SARS-CoV, or Hendra virus, has drawn attention to the bat immune system (6). In particular, the ability of bats to host these infections without obvious clinical signs is still enigmatic to the scientific community (33, 34) . Presumably, the long coevolution contributed to the development of protective mechanisms, allowing a long coexistence of bats together with their viruses. As in other species, IFNs play a pivotal role in the antiviral protection of the host. To address this issue for European bats in the context of lyssavirus infections, we studied the activities of IFNs in vitro using established an bat cell line.
Thus, we focused here on cloning and characterizing type I IFNs from E. serotinus. First, IFN-and -were cloned com- pletely, whereas IFN-␣ and -␤ sequences could not be found. Therefore, we concentrated on molecular and functional characterization of IFN-and -from the serotine bat. The sequence characteristics of intronless genomic organization, conserved N-glycosylation sites of esIFN-and esIFN-demonstrated the structural similarities of these two type I IFNs from serotine bat to those of other mammals (35) . Furthermore, these findings indicate that bat IFNand IFN-probably share similar functions with the IFNs of other mammals; this was also confirmed by structural conservation of the esIFN-and esIFN-promoter region. Transcription factors such as IRF, ISRE, ATF2/c-Jun, and NF-B binding sites could be identified in the proximal promoter regions of esIFN-and esIFN-, suggesting that the transcriptional regulation of bat type I IFNs is fundamentally similar to that of other mammals. However, the different IRF members and various positions of IRF and NF-B binding elements suggested that esIFN-and esIFN-are likely to be regulated in a different manner. The identification of transcription factor binding sites is just the first step in investigating the intricate regulatory network of the less-studied type I IFN members and . To address the interactions between these regulatory elements and transcription factors and to understand how the transcription factors cooperate to regulate the expression of IFN-and IFN-, functional studies are required.
All type I IFN genes have been identified in mammals in one single chromosomal region and expanded by duplication during evolution (17, 36) . However, the IFN-gene is found outside the type I IFN locus, suggesting an independent development in different mammalian families (36) . Given the evolutionary relatedness of bats (37, 38) , IFN-gene sequences in bat species should be more diversified. In fact, the results of our phylogenetic analysis, in which IFN-sequences from microchiroptera and megachiroptera grouped separately from other mammals (including humans), support this hypothesis. Interestingly, both IFNs of E. serotinus grouped with other microbat-associated sequences, albeit a clear separation from Myotis IFNs-i.e., M. lucifugus, M. brandtii, and M. davidii-is visible. A similar genetic separation between these two bat families was also observed following comparison of the cytochrome b sequences used for species identification (39) . The sequence conservation, as well as the diversification of IFN-and IFN-in different bat families, implies the presence of evolving and adaptable IFNs in bat species. To further study their antiviral functions, the activities of esIFN-and esIFN-were investigated against different lyssaviruses (EBLV-1, EBLV-2, and RABV) in an E. serotinus brain cell line. Both esIFN-and esIFN-proteins demonstrated antiviral activity. This is consistent with type I IFNs limiting RABV infection in mice (12) . Previous studies reported that recombinant type III IFN and type II IFN from P. alecto can inhibit Pulau virus replication and Semliki Forest virus and Hendra virus replication, respectively (22, 23) . However, the antiviral activity of bat type I IFNs is less studied. In addition, no study has yet shown whether bat IFNs are pathogen associated. In the present study, the different inhibitory extents of esIFN-and esIFN-to EBLV-1, EBLV-2, and RABV provided evidence for such an association between IFNs and different viruses. The strong inhibition of EBLV-1 replication in the E. serotinus cell line by these two type I IFNs suggests that esIFN-and esIFN-are involved in an anti-lyssavirus innate immune defense mechanisms in natural hosts.
However, as shown by the experiments performed here, the interaction between the virus and the bat IFN response seems to be more complex. Although the restriction of viral replication in the IFN pretreated cells suggested a robust IFN-mediated innate immune reaction limiting virus spread at an early infection stage, the general silencing of esIFN-, esIFN-, and their induced genes during infection indicates that bat-associated lyssaviruses can interfere with the signaling cascades, leading to transcriptional activation of the IFN system. This further highlights the importance of lyssaviral countermeasures against the host type I IFN system for the establishment of an infection (14, 40, 41) . Taken together, these results indicate a balance of persistent infection and limited viral growth, elucidating our understanding of the coexistence of lyssaviruses in bats under natural conditions.
To conclude, type I IFN-and IFN-were cloned and functionally characterized from E. serotinus. Sequence and functional analysis revealed that whereas type I IFNs are generally conserved among mammals, these IFNs are evolutionally divergent and adapted in bats. Analysis of the promoter regions of esIFN-and esIFN-provided evidence for the control architecture of IFNand IFN-transcription, and functional studies indicated their different capacities in antiviral activity. Overall, the present study of esIFN-and esIFN-provides functional data on the interactions of the IFN system and lyssaviruses in bats, add to our understanding of the long-term coexistence of bats with rabies, and expands our general knowledge of type I IFNs in mammals. In an ongoing functional study, we are investigating type I IFNs, including IFN-␣, -␤, -, and -, in order to understand the complex interactions between lyssaviruses and their natural host in vitro in a more comprehensive way.
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